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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By
inch (in.) 25.4
foot (ft) 0.3048
mile (mi) 1.609
square mile (miz) 259.0
acre 4,047
gallon per minute (gal/min) 0.06308
million gallons per day (Mgal/d) 0.04381
inches per year (in/yr) 2.54

To obtain

millimeter

meter

kilometer

hectare

square meter

liter per second

cubic meter per second
centimeters per year

Sea Level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929--a
geodetic datum derived from a general adjustment of the first-order level nets of the United States

and Canada, formerly called Sea Level Datum of 1929.



HYDROGEOLOGY AND GROUND-WATER QUALITY IN THE
BLACK BELT AREA OF WEST-CENTRAL ALABAMA, AND
ESTIMATED WATER USE FOR AQUACULTURE, 1990

By Robert E. Kidd and Darrell S. Lambeth

ABSTRACT

Commercial production of catfish in west-central Alabama began about 1970, and by 1991
catfish ponds covered about 16,000 acres in the Black Belt area of the State. The rapid increase in
catfish farming or aquaculture and the associated demand for ground water led the U.S.
Geological Survey in cooperation with other Federal and State agencies in 1990 to initiate a study
to better define the ground-water resources in the Black Belt area.

The major aquifers in the study area are sand and gravel beds in the Eutaw, Gordo, and
Coker Formations. Recharge to these aquifers occurs primarily in areas where those formations
crop out. The average recharge to the major aquifers in the study area, as estimated from baseflow
analysis of streams in the outcrop area, is 11.4 inches per year.

Water from the major aquifers in the study area generally is of good quality and suitable for
most uses. Water from the Eutaw aquifer, however, contains chloride in concentrations greater
than 500 milligrams per liter in central Greene County and in downdip areas in Marengo and
Wilcox Counties and is not suitable for public water supply. Some ground water with elevated
chloride concentrations is used for catfish farming in these areas, however.

The total estimated water use for aquaculture in the study area in 1990 was 21.83 million
gallons per day, 16.08 million gallons per day from ground-water sources, and 5.75 million
gallons per day from surface water sources. About 13.54 million gallons per day of water was
used for filling catfish ponds and an additional 8.29 million gallons per day was used to replace

evaporation losses.



INTRODUCTION

Commercial production of catfish in Alabama began about 1970 and by 1991 aquaculture
ponds covered about 16,000 acres in and near the Black Belt area of west-central Alabama
(plate 1). This increase in aquaculture and the associated demand for ground water in the area,
prompted the need for a better understanding of the ground-water resources in the Black Belt area.
To address this need, the U.S. Department of Agriculture (USDA), Soil Conservation Service
(SCS), is developing a comprehensive program to study the effects of multiple uses of land and
water resources in the area. As part of this comprehensive program, the U.S. Geological Survey
(USGS), in cooperation with SCS and the Alabama Department of Economic and Community
Affairs (ADECA), studied the ground-water resources and inventoried water use for aquaculture
in the area. The objectives of that study were to describe (1) the hydrogeology of the major
aquifers, (2) the quality of the ground water, (3) the recharge to and discharge from the major
aquifers, and (4) the estimated water use for aquaculture in 1990. This report presents the results
of the study, which was conducted during 1990-91.

Description of the Study Area

The study area is in west-central Alabama and encompasses an area of about 2,630 mi?
(square miles). The area includes parts of eight counties: Dallas, Greene, Hale, Marengo, Perry,
Pickens, Sumter, and Wilcox (fig. 1). Much of the study area is underlain by black soil and is
locally referred to as the Black Belt of Alabama.

The study area lies within the East Gulf Coastal Plain physiographic section and includes
parts of five physiographic districts: the Fall Line Hills, the Black Prairie, the Chunnenuggee
Hills, the Flatwoods, and the Alluvial Plain (fig. 2). Regional topography in the area dips toward
the Gulf of Mexico or the Mississippi embayment. The northern part of the study area, generally
north of the line from Eutaw through Greensboro to Marion, lies within the Fall Line Hills
district. This district is characterized by flat to moderately-rolling sandy uplands dissected by
deeply-entrenched southward and southwestward flowing streams. A 20- to 25-mile-wide
crescent-shaped area from the Mississippi State line in southern Pickens and northern Sumter
Counties southeastward to Perry County and western Dallas County, is in the Black Pratrie
district. This district is underiain by black soil for which the Black Belt area gets its name and is
characterized by gently- to moderately-rolling prairie with extensive grasslands and few trees. A
5-mile-wide band that extends eastward from Sumter County across Marengo County in
northwestern Wilcox County lies in the Chunnenuggee Hills district (fig. 2). This district is
characterized by a series of sand hills and cuestas. Most of the hills and cuestas are about 100 to
200 feet higher than the Black Prairie to the north. A lowland about 5 to 8 miles wide, that extends



























[Era- | System |Serles Group [Geologic unit] Thickness Lithology Aquifer Water-bearing properties
them (feet)
Alluvium 0-80 Clay, silt, sand, Alluvial Supplies water to shailow dug
" and gravel aquifer and driven weiis iu the flood
= piains of the major streams aud
o § rivers. Adjacent to major
E ;:5 streams, where luduced recharge
§ is possihle, large quantities of
g water can be withdrawn from
o these beds.
:é W Terrace 0-100 Clay, siit, sand, Shallow Will yield 10 gal/miu or more
§ 2 deposits and gravel aquifer to indlviduai weils where
k] 3 saturated sauds are of sufficient
5 _ thickness.
Nanafalia 150-200 Saud, saudy mari, Nauafalia | Source of puhlic supplies
Formation sandy clay, and aquifer south of the study area.
& iignite
S Naheoia 100-190 Siity clay, fine- Naheola Welis south of the study area
8 Formation grained saud, aquifer reportediy produce as much
&) o iignite, laminated as 50 gal/min.
‘E" ° sand aud ciay
& g % | Porters 270320 | Massive Not a source of water.
g g Creek marine ciay
o g aud
A Clayton Chalky marl,
Formations limestone and Clayton Yields less thau 10 gai/min.
conglomerate, aquifer
i thin basal sand
Prairie 50-100 Massive, compact Not a source of water.
Bluff chalk and caicareous
Chalk sandy ciay
Ripeiy 35.300 Calcareous sand- Ripiey Minor source of water.
Formation stone, sandy chaik, | aquifer Generally yields 10 gal/min
sandy caicareons or iess.
clay, and fossiiiferous}
o sandstone
% Demopolis 200-500 | Fossiiiferous chaik; Not a source of water.
2 Chaik caicareous ciay
Mooreville 350-420 Silty chalk, Not a source of water.
Chalk calcareous clay;
thin iayers of
o limestone and
§ caicareous sandstone
2 g Eutaw 400 Fine- to coarse- Eutaw Primary source of ground
¥ 2 Formation grained sand, aquifer water in the study area.
= | g g clay and chaiky Reportediy will yield 2 Mgal/d
g ] sand or more to individuai wells.
g e Gordo 300-450 Reddish-yeliow Gordo Excelleut sonrce of water.
@ §_ Formation sand and purple aquifer Reportedly wiil yield 2 Mgai/d
5 e mottled clay; or more to iudividuai weiis.
= poorly-sorted
coarse-grained
s sand and gravel
2 in lower part
'§ | Coker 500-1,000 | Sand, gravei and Coker Potential source of 1 Mgal/d
é’ Formation clay. Coarser aquifer or more to individual wells,
sand heds and
gravel heds near
base
Lower Cretaceous rocks 0-1,000 { Pink nodular
limestone
frapments and
red and green
shale near top
2
g Pennsylvanian to Cambrian rocks 1,000+ Sandstone, shale,
-~ limestone, doiomite,
ﬂ‘: and chert

Figure 6. Correlation chart showing geologic units and aquifers in the Black Belt area of west-central Alabama, and their
water-bearing properties.
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Deposits of Tertiary Age

Deposits of Tertiary age overlie the Cretaceous sediments and crop out across the extreme
southern part of the study area (figs. 3 and 5). These deposits consist of sand, silt, clay, marl,
limestone, conglomerate, and lignite. Deposits of Tertiary age in the study area consist of the
Clayton and Porters Creek Formations, undifferentiated, the Naheola Formation, and the
Nanafalia Formation of the Wilcox Group. All of these formations are of Paleocene age. None of
these formations are major aquifers in the study area.

Nanafalia Formation

The Nanafalia Formation crops out only in small areas in Sumter County in the extreme
southwestern corner of the study area (fig. 3). The Nanafalia overlies the Naheola and has a
thickness of about 150 to 200 feet. The formation consists of sand, sandy marl, sandy clay, and
lignite. The Nanafalia is tapped for public supplies south of the study area; however, within the
study area, the limited occurrence of this unit precludes its use as a ground-water source.

Naheola Formation

The Naheola Formation crops out in a narrow band in the southwestern corner of the study
area in Sumter County, and in a small area at the extreme southern part of the study area in
Marengo County (fig. 3). The Naheola Formation has been subdivided into two members, Oak
Hiil Member (lower part) and the Coal Bluff Marl Member (upper part). The Oak Hili Member
consists of laminated, silty clay containing interbeds of fine-grained sand and a thin bed of lignite
near the top and generally is about 80 to 150 feet thick. The Coal Bluff Marl Member consists of
laminated sand and clay, and is about 20 to 40 feet thick.

‘The Naheola Formation is not a ground-water source of any consequence in the study area,
however, south of the study area it yields water for municipal and domestic supplies. Wells
tapping the formation south of the study area reportedly produce as much as 40 gal/min.

Clayton and Porters Creek Formations

The Clayton Formation overlies the Prairie Bluff Chalk in Sumter, Marengo, and Wilcox
Counties and is, in turn, overlain by the Porters Creek Formation (fig. 3). The Clayton Formation
consists principally of chalky mari, limestone, and conglomerate, although a thin basal sand bed is
commonly present in this unit. The overlying Porters Creek Formation consists of massive marine
clays. The combined thickness of the Clayton and Porters Creek Formations is 270 to 520 feet in
the study area. The Clayton yields less than 10 gal/min to shallow dug wells in some outcrop
areas. The Porters Creek is relatively impermeable and not a ground-water source.
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Deposits of Cretaceous Age

Cretaceous deposits crop out from the northern boundary of the study area to the southern
parts of Marengo and Sumter Counties and the northern part of Wilcox County (fig. 3). These
sediments strike northwestward and dip southwestward at 30 to 50 ft/mi (feet per mile). A
subsurface profile of the southwestward-dipping units of Cretaceous age is shown in the
diagrammatic geologic section in figure 5. Upper Cretaceous deposits include the major aquifers
in the study area. These aquifers consist of beds of sand in the Coker, Gordo, and Eutaw
Formations. Sands in the Ripley Formation, also in the Upper Cretaceous, are a minor aquifer in
the study area. Because of the availability of water from shaillower aquifers, Lower Cretaceous
rocks are seldom tapped by wells in Alabama. However, interpretation of electric logs, sample
cuttings, and analyses of water from test wells indicate that sand beds in the unit are very
permeable and contain freshwater in updip areas. The water in these strata becomes progressively
more saline downdip.

Prairie Bluff Chalk

The Prairie Bluff Chalk overlies the Ripiey Formation, and crops out immediately south of,
and parallel to, the Ripley (fig. 3). The Prairie Bluff is about 50 to 100 feet thick, and consists
mainly of massive compact chalk and calcareous sandy clay. The Prairie Bluff is relatively
impermeable and is not a ground-water source in the study area. It is a confining unit between the
Clayton and Ripley aquifers.

Ripley Formation

The Ripley Formation overlies the Demopolis Chalk and crops out in the study area from
west-central Sumter County across central Marengo, southern Perry, Dallas, and northern Wilcox
Counties (fig. 3). The Ripley consists of beds of calcareous sandstone, sandy chalk, sand, sandy
calcareous clay, and thin beds of fossiliferous sandstone. The thickness of the formation ranges
from 35 to 300 feet.

The Ripley aquifer, which consists of sand beds in the Ripley Formation, is a minor ground-
water source in the study area. Data for eight wells tapping the Ripley are given in table 1.
Downdip, south of the study area, the Ripley is a source of public water supply, but in the study
area wells tapping the Ripley generally yield 10 gal/min or less.
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Demopolis Chalk

The Demopolis Chalk overlies the Mooreville Chalk, and crops out in a belt as much as 8
miles wide in northeastern Sumter County (fig. 3). The formation consists mainly of silty
micaceous fossiliferous chalk. The basal beds are overlain by nearly pure chalk which contains 75
to 90 percent calcium carbonate. The thickness of the formation ranges from 200 to 500 feet. The

Demopolis is not a ground-water source in the study area.

Mooreville Chalk

The Mooreville Chalk crops out parallel to and immediately south of the Eutaw Formation.
The outcrop extends from southwestern Pickens County southeastward across the study area in
central Dallas County (fig. 3). The Mooreville consists of silty chalk and calcareous clay
interbedded with thin layers of limestone and calcareous sandstone. The thickness of the
Mooreville ranges from 350 feet in Sumter County to about 420 feet in Dallas County. The
Mooreville is not a ground-water source in the study area, but, together with the Demopolis
Chalk, forms a confining unit for the underlying Eutaw aquifer.

Eutaw Formation

The Eutaw Formation overlies the Gordo Formation and crops out across central Hale,
Perry, and northern Greene Counties (fig. 3). The thickness of the Eutaw in the study area is about
400 feet. The lower part of the formation consists of thin to massive beds of fine- to coarse-
grained sand with interbedded clay. The middle part consists chiefly of fine- to medium-grained,
well sorted sand with interbedded clay. The upper part of the formation consists of about 100 feet
of very fine-grained sand locally containing layers of sandstone and chalky sand.

Sand and gravel beds in the upper and lower parts of the Eutaw Formation constitute the
Eutaw aquifer. The Eutaw aquifer is the most extensively used ground-water source in the study
area (table 1; plate 2). Data from 116 wells tapping the Eutaw are given in table 1. Most of the
public water systems in the study area pump water from the sand beds of this aquifer. Mooty
(1987) reported that wells developed in the Eutaw aquifer are capable of producing as much as
1,500 gal/min. Gardner (1981) used transmissivities of 2,200 ft2/d (square feet per day) to 5,800
ft2/d in simulating the ground-water flow system of the Eutaw aquifer in west-central Alabama.
Planert and Sparkes (1985) calculated the transmissivity of the Eutaw to be 2,000 ft/d in
northeastern Marengo County.
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Gordo Formation

The Gordo Formation overlies the Coker Formation and crops out in northern Perry County
and north of the study area in a northwestward trending belt (figs. 3 and 4). The formation consists
of 300 to 450 feet of nonmarine lenticular beds of gravel, sand, and clay (fig. 6). The Gordo can
be distinguished from the underlying Coker by its darker and more reddish sands and purple
mottled clays. Poorly-sorted, coarse-grained sand and gravel are prevalent in the lower part of the
formation. The upper part of the formation consists of lenticular clay and fine- to coarse-grained
sand. The sand and gravel beds in the Gordo Formation constitute the Gordo aquifer.

The Gordo aquifer is one of the major aquifers in the study area. It is a principal source of
water for Greensboro, Marion, Faunsdale, Union, North Dallas County, and the Dallas County
public water supply systems. Data for wells tapping the Gordo aquifer are given in table 1. The
Gordo aquifer is used as a source of water as far south as northeastern Marengo County.

Two municipal wells at Greensboro have specific capacities of 36 and 24 gal/min/ft (gallons
per minute per foot) of drawdown. Based on these data, it is estimated that wells of 1,000 gal/min
or more could be constructed in the Gordo aquifer. Gardner (1981) used transmissivities of 2,600
ft?/d to 8,100 ft%/d in sitnulating the ground-water flow system of the Gordo aquifer in west-
central Alabama. Planert and Sparkes (1985) estimated the transmissivity of the Gordo to be
10,000 ft%/d in northeastern Marengo County.

Coker Formation

The Coker Formation is the basal unit of the Upper Cretaceous Series in Alabama, and is
present in the subsurface throughout the study area. The thickness of the formation ranges from
500 to 1,000 feet. The Coker consists of a basal nonmarine zone of sand, gravel, and clay that was
deposited in a deltaic environment. The coarser sand beds and beds of gravel are near the bottom
of the formation. The sands generally become progressively finer grained and less abundant
toward the top of the formation where clay predominates. However, in Sumter County medium-
to coarse-grained sand and gravel beds are present in the upper part of the Coker in some places.
In Hale County, a clay zone is a confining unit between the Coker aquifer and the overlying Gordo
aquifer. In Dallas County, the upper part of the formation may include a lenticular bed of fine- to
medium-grained sand, which is of hydrologic importance for water supplies. Sand and gravel
beds in the formation comprise the Coker aquifer (fig. 6).

The Coker aquifer is little used in the study area because of the excessive depth of the
aquifer and the availability of water in the shallower Gordo and Eutaw aquifers. Three wells
inventoried in the study area produce water from the Coker aquifer. These are the public-supply
wells at Akron (well 12 in table 1), the well owned by the North Sumter County Water Authority
(well 1 in table 1), and a well in central Greene County (well 53 in table 1). The North Sumter
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County Water Authority well is located about 2.5 miles south of Geiger on Alabama Highway 17,
and is the most downdip Coker well in Alabama (well 1 in table 1). This well is screened from
1,912 to 1,982 feet.

Data are insufficient to evaluate the hydraulic characteristics of the Coker aquifer
throughout the study area. However, based on an aquifer test conducted June 12-13, 1991, at the
North Sumter County Water Authority well, the Coker had a transmissivity of 5,000 ft?/d and a
potentiometric head of 34.4 feet above land surface.

Lower Cretaceous Rocks

Lower Cretaceous rocks underlying the Coker Formation are not a major source of water in
the study area, because of the depth of these rocks and elevated chloride concentrations in water
from these deposits. One water-supply well for 14 catfish ponds in west-central Hale County is
screened at a depth of 1,410 feet in a water-bearing unit that could be in Lower Cretaceous rocks.
This well flowed at an estimated 2,500 gal/min in 1922, but by 1968 the rate of flow had
decreased to 900 gal/min. Water from this well had a chloride concentration of more than 2,400
mg/L in 1991.

Recharge to and Discharge from the Major Aquifers

The major aquifers in the study area are sand and gravel beds in the Eutaw, Gordo, and
Coker Formations (fig. 6). Water in these aquifers occurs under artesian conditions in most of the
study area. Water enters the aquifers in topographically high outcrop areas, flows laterally along
short flow paths to discharge into streams or downdip into the confined parts of the aquifers
(Miller, 1992).

Recharge

Ground-water recharge is the replenishment of ground water by downward infiltration of
water from rainfall, streams, and other sources (American Society of Civil Engineers, 1987,

p- 222). In the study area, rainfall is the primary source of recharge. The rainfall that percolates
through the soil to the water table 1s ground-water recharge, and the areas where accretions to
ground water occur are called recharge areas.

Recharge areas for the major aquifers in the study area generally are congruent with the
outcrops of the Eutaw, Gordo, and Coker Formations (fig. 4). Most of the recharge area of the
Gordo aquifer and all of the recharge area of the Coker aquifer are north of the study area
(DeJarnette and Crownover, 1987; Mooty, 1987).
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Ground water moves from recharge areas to downgradient discharge areas, such as stream
valleys, swamps, lakes, or pumping centers. Water can also move from one aquifer to another
through intervening low-permeability material, called confining beds, into an underlying aquifer.
Gardner (1981) concluded that large amounts of water in the Eutaw and Gordo aquifers are
leaking upward through confining layers to discharge in Alabama, Black Warrior and Tombigbee
River Valleys.

Ground water that moves from recharge areas and discharges to streams sustains the flow of
the streams (baseflow), especially during periods of no rainfall. Although this water is considered
to be surface runoff from the drainage basin, it is derived from ground-water storage. One of the
most widely used methods for determining ground-water recharge rates in the humid eastern
United States involves analysis of streamflow data to determine baseflow (Vechiolli and others,
1990). Assuming there is no long-term change in the amount of ground water in storage, ground-
water discharge, as measured by the baseflow of a stream, approximately equals the amount of
ground-water recharge to the aquifer underlying the basin. Other discharge from the ground-water
reservoir, such as withdrawals by wells or evapotranspiration from the water table, need to be
considered in estimating recharge.

Methods developed by Rutledge (1991, 1992) were used to estimate recharge to the major
aquifers in the study area. The methods used were calculation of the master recession curve and
streamflow partitioning. The calculation of the master recession curve is requisite to the
streamflow partitioning method of streamflow analysis. An empirical method is used to obtain
from streamflow record a nonlinear master recession curve, which is a mathematical expression
for streamflow recession during times of negligible direct runoff. The method is based on the
assumption that the storage delay factor, which is the time per log cycle streamflow of recession,
varies linearly with the logarithm of streamflow. In this method, the analyst uses a computer
program to read a data file of daily mean streamflow and can select segments of streamflow
recession curves for analysis.

The streamflow partitioning method can be used to estimate a continuous record of ground
water discharge, or baseflow, from the streamflow hydrograph. The integration of this record over
a period of several years provides an estimate of recharge. This method is based on the
assumption that ground-water discharge is equal to streamflow during periods of negligible
surface runoff; and that ground-water discharge between these periods can be interpolated.

Streamflow data from eight daily-record sites north of the study area were analyzed (fig. 1).
These sites are on unregulated streams in the outcrop areas of the major aquifers and the period of
record for each site was 10 years or more. Recharge determined from streamflow partitioning
ranged from 7.0 in/yr at Fivemile Creek near Greensboro to 14.3 in/yr at Sipsey River near
Pleasant Ridge (table 2). The average recharge to the major aquifers was estimated to be
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Table 2.--Recharge to the major aquifers in the Black Belt area of west-central Alabama,
estimated from baseflow of streams at selected gaging stations

[ Map number corresponds to those on figure 1. Major aquifer ontcrop: 1, Coker; 2, Gordo; 3, Eutaw (listed in order of
descreasing outcrop area). miZ, square mile; in/yr, inches per year.]

Time
Major Drainage period  Estimated

Map Station Station name aquifer area analyzed recharge
number number outcrop (mi2) (years)  (infyr)

1 02442000 Luxapallila Creek near Fayette 1 130 1945-70 12.7
2 02445500  Sipsey River at Fayette 1 282 1939-59 10.2
3 02444000  Coal Fire Creek near Pickensville 1 126 1955-80 11.9
4 02445000  Lubbub Creek near Carrollton 2,3 112 1954-64 8.6
5. 02446500  Sipsey River near Elrod 1 528 1928-90 14.0
6 02447000  Sipsey River near Pleasant Ridge 3,2, 1 769 1939-59 14.3
7 02465493  Elliotts Creek at Moundville 3,2 32 1977-90 12.4
8 02465500  Fivemile Creek near Greensboro 3,2 73 1955-71 7.0
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11.4 in/yr. It should be noted that recharge generally decreases downdip of the aquifer outcrop
areas (Miller, 1992).

The recharge estimates are based on the outcrop areas of the major aquifers excluding those
areas overlain by alluvial deposits, which are considered drainage areas. Recharge rates on the
order of 11 in/yr seem reasonable because the surficial sediments in the outcrop areas of the
Eutaw, Gordo, and Coker Formations were estimated from geophysical logs to be about half sand
and half clay. Davis and others (1975) also determined that these formations were 50 percent sand
in Hale County. The recharge area of the Eutaw aquifer is in Pickens, Greene, Hale, Perry,
Autauga, Chilton, and Dallas Counties, and covers an area of about 600 mi? (fig. 4). The recharge
area of the Gordo aquifer is mainly in Pickens, Tuscaloosa, Hale, Bibb, Autauga, Perry, and
Chilton Counties, and covers an area of about 300 mi2. The recharge area of the Coker aquifer is
mainly in Tuscaloosa, Bibb, and Chilton Counties, and covers an area of about 400 miZ. Based on
the above information, the recharge values for the major aquifers were estimated to be
340 Mgal/d for the Eutaw aquifer; 170 Mgal/d for the Gordo; and 230 Mgal/d for the Coker.

Natural Discharge and Ground-Water Withdrawals

Discharge from the major aquifers in the study area includes natural discharge through seeps
and springs, which provide the base (dry weather) flow of streams and ground-water withdrawals
from wells. Discharge to the streams and rivers is enhanced where the channels are deeply
entrenched into the aquifers. Discharge to streams can occur by upward leakage through the low-
permeability confining unit or through fractures in consolidated confining units, such as the
Mooreville and Demopolis Chalks (Gardner, 1981). Most of the remainder of the discharge is
through wells. Wells are used for domestic, stock, industrial, aquacultural, public water supply,
and trrigation purposes. A substantial amount of water is lost from the aquifer through flowing
artesian wells. Based on previous reports and data collected during this study, an estimated 20.7
Mgal/d discharges through flowing wells in the study area. Many wells in the study area that
formerly lowed have ceased to flow in recent years as a result of lowering of the potentiometric
surfaces of the aquifers. The largest pumping centers in the study area are near the cities and town
that use ground water for public supplies. The total ground-water withdrawals in the study area
and in the aquifer recharge areas to the north were about 72.8 Mgal/d in 1990 (Baker and Mooty,
1993).

The steady decline in the potentiometric surface of the Eutaw aquifer is indicated by
hydrographs of water levels in selected wells screened in the Eutaw (fig. 7). Local depressions in
the potentiometric surface of the aquifers were indicated in studies by DeJarnette and Crownover
(1987), Mooty (1987), and Gardner (1981). These depressions generally coincide with natural
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discharge areas along major rivers and major pumping centers near the larger cities and towns in
and near the study area. Depressions have formed in the potentiometric surfaces of the Eutaw,
Gordo, and Coker aquifers at the city of Demopolis (Williams and others, 1986a, 1986b) and in
the potentiometric surface of the Eutaw aquifer at Marion (Williams and others, 1986b).

GROUND-WATER QUALITY

The chemical quality of ground water may limit its usefulness for particular purposes. Water
used for municipal supplies generally must meet drinking water standards that provide for
maximum chloride and dissolved-solids concentrations of 250 and 500 mg/L, respectively.
Quality requirements for industrial water depend on the type of use made of the water. Some
industries have quality requirements that are far more exacting than requirements for municipal
supplies; other industries, such as aquaculture, can use moderately mineralized water. Domestic
water users are usually concerned with the hardness of water and with iron and chloride content of
the water. Hard water is objectionable for some uses because it increases soap consumption and
may deposit scale in pipes and boilers; soft water under certain conditions may induce corrosion.
General terms used in this report to describe hardness of water expressed as milligrams per liter of
calcium carbonate are: soft, 0-60 mg/L; moderately hard, 61-120 mg/L; hard, 121-180 mg/L; and
very hard, 181 mg/L or more. Iron in excess of 0.3 mg/L may cause staining of porcelain or
enamel fixtures, clothing, or other fabrics.

Chloride concentration in water can affect the suitability of the water for many uses. If
chloride is present in sufficient concentration (in excess of 1,000 mg/L), the water has a salty
taste. Water with chloride concentration of less than 250 mg/L generally is desired for domestic
and municipal use; however, water with substantially higher chloride concentrations can be used
for fish farming. Catfish farmers often add sodium chloride to catfish ponds to control or prevent
fish disease. The dissolved chloride concentrations in water from wells sampled in the study area
are shown on plate 3. Chloride concentrations in water from the Eutaw aquifers in central Greene
County commonly exceed 500 mg/L.. Other areas of relatively high chloride concentrations in
water from the Eutaw aquifer are in downdip areas in Marengo and Wilcox Counties.

The chemical characteristics of ground water depend on several variables, such as
composition of the aquifer, distance from recharge areas, and the period of time water has been in
contact with minerals in the aquifer. An evaluation of the results of chemical analyses of ground
water in the study area indicates that the water is satisfactory for most uses. The results of
chemical analyses of water samples collected from selected wells in the study area are given in
table 3.
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Water in the Eutaw aquifer in the study area generally is suitable for public water supply
except in central Greene County, where chloride concentrations commonly exceed 500 mg/L
(plate 3). Water samples from isolated wells completed in the Eutaw aquifer in some other parts of
the study area have chloride concentrations that exceed 250 mg/L (plate 3); however, water from
nearby wells completed in this aquifer have relatively low concentrations of chloride. Results of
analyses of major constituents for water samples collected from four wells tapping the Eutaw
aquifer are listed in table 3. Dissolved iron concentrations in these samples range from 10 to 160
ug/L (micrograms per liter). Dissolved sodium concentrations in water samples from the Eutaw
aquifer are higher than those in samples from the other major aquifers (table 3).

Water from the Gordo aquifer in the study area generally is of good quality and suitable for
most uses. Water from four wells tapping the Gordo aquifer in the study area had a range of
dissolved chloride concentrations from 1.6 to 630 mg/L (table 1; plate 3). The Greensboro Utility
well (well 83 in tables 1 and 3) produces water from the Gordo aquifer and this water was among
the least mineralized waters sampled.

The Coker aquifer is tapped by few wells in the study area; therefore, only limited data on
the chemical quality of water in this aquifer are available. However, based on data from wells in
Hale County in the northern part of the study area and the North Sumter County Water Authority
well, water from the Coker Formation in the northern part of the study area generally is soft to
moderately hard and can contain iron concentrations in excess of 0.3 mg/L. Chemical analyses of
water from the Sumter County well indicated that the chloride concentrations in water from this
well were less than 25 mg/L. Water-quality data for wells tapping the Coker aquifer north of the
study area indicate that water from this aquifer has chloride concentrations ranging from 2 to 790

mg/L.

WATER USE FOR AQUACULTURE, 1990

Operational water-use requirements for aquaculture were calculated from data obtained
from an inventory of catfish ponds. This inventory indicated that 1,118 ponds representing a total
surface area of 15,647 acres were in operation in the study area in 1990 (table 4; plate 1). As used
in this section of the report, surface water refers to water in flowing streams, and runoff refers to
stormwater runoff from precipitation. More than 60 percent of the ponds inventoried depended on
rainfall runoff as their only source of water. Less than 1 percent of the ponds depended on ground
water as a sole source of water. Water-use data were calculated on a site-by-site basis, using
information supplied by the pond owners or operators. Where specific information was
unavailable for a particular site, estimates were made based on information from similar sites.
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The following assumptions were made when estimating water use for sites that did not have
specific water-use data available:

1. A cycle of one drain and fill per year was assumed for ponds without drainage and
fill records. Ponds that were reported to be lowered only for harvest were assumed to
be lowered 4 feet. A depth of 8 feet was assumed for ponds without depth
information.

2. Ponds filled primarily by rainfall runoff, but with some ground water contribution
during droughts or other emergencies, were assumed to use 98 percent runoff and
2 percent ground water.

3. Ponds filled primarily with ground water, but with some runoff contribution, were
assumed to use 75 percent ground water and 25 percent runoff.

4. Ponds filled with runoff supplemented with either surface water or ground water
were assumed to use 75 percent runoff. The remaining 25 percent was from either
surface water or ground water.

5. Ponds filled with runoff, ground water, and surface water in undesignated amounts
were assumed to use 50 percent runoff, 25 percent ground water, and 25 percent

surface water withdrawn from a stream or other water body.

6. Ponds filled with surface water and ground water in undesignated amounts were

assumed to use 50 percent surface water and 50 percent ground water.

Estimates of ground water and surface water used to replace evaporation losses from ponds
were calculated by multiplying the surface area of the ponds by 10.17 inches which was the sum
of rainfall deficit for May through September 1990 when adjusted pan evaporation exceeded
rainfall. A pan coefficient of 0.7 was used to estimate water surface evaporation from the class-A
land pan evaporation data for the National Oceanic and Atmospheric Administration (NOAA) site
at Demopolis (NOAA, 1991; Veihmeyer, 1964). The amounts of ground water and surface water
used for operations and evaporation are listed in table 5.

Total water use for aquaculture in the study area in 1990 was 21.83 Mgal/d; 16.08 Mgal/d
from ground-water sources and 5.75 Mgal/d from surface-water sources (table 5). Pond
operations (filling) accounted for 10.01 Mgal/d of ground water and 3.53 Mgal/d of surface water.
Replacement of evaporation losses accounted for 6.07 Mgal/d ground water and 2.22 Mgal/d
surface water. Most of the ground water used was from the Eutaw aquifer.
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SUMMARY

Commercial production of catfish in west-central Alabama began about 1970 and by 1990
catfish ponds in the part of the State known as the Black Belt area covered about 16,000 acres.
The rapid increase in the number of catfish ponds and the associated demand for ground water
prompted State and Federal agencies to initiate a study to define the ground-water resources and
water requirements for aquaculture in the area.

Geologic units that crop out in the study area are of sedimentary origin and range in age
from Late Cretaceous to Quaternary. The major aquifers in the study area are sand and gravel beds
in the Eutaw, Gordo, and Coker Formations. Recharge areas for the major aquifers generally
coincide with the outcrops of the Eutaw, Gordo, and Coker Formations along and north of the
northern boundary of the study area. The average recharge to the major aquifers, estimated from
baseflow analysis, is 11.4 in/yr in the outcrop areas.

Water from the major aquifers generally is of good quality and suitable for most uses, except
in central Greene County and in downdip areas in Marengo and Wilcox Counties where water
from the Eutaw aquifer has chloride concentrations in excess of 500 mg/L.. Water not suitable for
human consumption because of elevated chloride concentrations is used for catfish farming in
some parts of the study area.

The potentiometric surfaces of the Eutaw, Gordo, and Coker aquifers have steadily declined
since the 1950’s in some parts of the study area as a result of ground-water withdrawals for
municipal supplies and aquaculture. Local depressions in the potentiometric surface of the major
aquifers near large pumping centers have been documented by several investigations.

The total water use for aquaculture in the study area in 1990 was estimated to be 21.83
Mgal/d; 16.08 Mgal/d from ground-water sources and 5.75 Mgal/d from surface-water sources.
Pond operations accounted for 13.54 Mgal/d ground water and 3.53 Mgal/d surface water.
Replacement of evaporation losses accounted for 6.07 Mgal/g ground water and 2.22 Mgal/d

surface water.
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